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Mother Nature is an exceedingly exacting old lady. She guards
her treasures well and does not yield them on casual inquiry. To
be sure, she hasspread thestuff and substance of the Universe before
everyone so that it might be described and classified. For genera-
tions men have eagerly approached this monumental job until at
last there is available a fairly satisfactory account of the structure
of material things. This natural history approach to the Universe
is fundamental and extremely important for, without adequate
description of the elements of the problem posed by the Universe,
solution is impossible. Important as this procedure is, nevertheless
consideration of the relationships which exist between the elementary
particles is just as significant. Once the cataloging is well underway,
interest naturally turns to the patterning of the units. This leads
to the inevitable questions, "What is the order of the Universe?"
and, "Whence comes this order?"
In a time of world-wide disruption, the existence of the order
is questioned and man fumbles for some stability. While it is true
that everyone sooner or later must determine his relationship to the
Universe, the need for this is accelerated during times of stress and
strain. It becomes especially important, therefore, in times like
these to re-emphasize not so much the describable order of the
Universe but the fact that it has order and that this order can be
understood by the mind of man.
Furthermore, it is equally necessary to emphasize the ways and
means by which knowledge and understanding of that order can be
obtained. This is debatable ground. The artist is sure that he
approaches ultimate reality when, obeying the creative urge, he
re-creates by some intuitive and imaginative approach the truth as
he sees it. To the religious, the same intuitive approach operates
through the forms and rituals and creeds of theology. It is quite
clear that nearly everyone develops a personal procedure by means
of which he approaches or reaches what he believes to be the truth.
The scientist is one of these. His first approach to the world about
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him is through an intuitive synthesis of hardly definable clues
obtained from observation and description of the physical nature of
the Universe. But the scientist has one enormous advantage in the
search for truth. As a result of his flight of creative imagination,
he may set up an hypothesis, a theory, or, if you like, a carefully
formulated guess. He strives then to determine all the logical
consequences of this formulation, setting them up in such form that
they can be subjected to experiment under the controlled conditions
of the modern laboratory. If it is found that the logical conse-
quences are true, the hypothesis may be accepted as true, although
not necessarily as the only truth. Howiever, it should be noted that
both artist and scientist make their first approximation to truth
through the same property of the human nervous system-imagina-
tion. This is a unique attribute probably found nowhere else among
living organisms and gives to man both his dignity and his power.
But thescientist knows full well that many flightsof the imagination,
interesting as they may be, turn out to be false and that the method
of science is for him the only effective way of determining the
ultimate verity.
It has been said that man does not live by bread alone nor unto
himself alone. This, being interpreted, means of course that man is
not aseparate unit untouched by his immediate environment of other
people and things, nor unaffected by the tides of the Universe.
Rather it emphasizes the fact that man is completely dependent on
universal law and order. He, like all other inhabitants of the Uni-
verse, can never defy universal law but must always be directed by
it. This is the reason why it is so important to know the order of
the Universe. We know something about it, but our knowledge is
tragically small. The field is so great that it is hard to know where
to begin. This beingtrue, the astute procedure is to begin with that
which lies immediately in front of one, attacking the simple and
more or less obvious problems with, however, what perhaps might
be called a universal viewpoint. The report which follows is a first
attempt to examine the impact of many environmental forces, both
local and universal, on the continued existence of a single living
form-a maple tree. The impact of these environments has been
recorded, using electrometric technic continuously, day and night.
The results of the first three months are presented and others will
appear as the experiment continues. The method employed, briefly,
is as follows:
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Two non-polarizable and reversible silver-silver chloride elec-
trodes were introduced between the bark and cambium on the trunk
of a young maple tree. The electrodes were approximately 5 feet
apart; the lower electrode being 6 inches from the ground. Leads
from these two electrodes ran to a microvoltmeter, the output of
which was fed into a General Electric photoelectric recorder. This
apparatus made it possible to record continuously the changing poten-
tial difference between the two electrodes. Temperature, barometric
pressure, relative humidity, the weather and, finally, the phases
of the moon were recorded. A variety ofelectrode placements were
used without, however, changing in any significant fashion the
recorded potential difference. Every two or three days the records
were removed from the recorder and every hour, on the hour, the
height of the standing potential determined. This was possible
because the rate of change within the hour was slow. Normally the
upper electrode-S feet, 6 inches from 'the ground-was markedly
piositive to the lower electrode although under certain conditions this
relationship might be reversed. Since the paper rate was 6 inches
per hour, graphs were constructed from the hourly potentials. Two
3-day samples of this graph are shown in Figures 1 and 2. In the
first graph, three days were selected from the August recordings.
In the second graph a similar three days from the month of Novem-
ber are shown. The August recordings were taken from a tree in
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FIG. 1. A graph of hourly potential differences during three days of the month
of August, 1943.
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the town of Lyme, Connecticut, during the summer of 1943. The
November records were taken from a tree in New Haven, Connect-
icut, in the fall of the same year. The similarity between these two
graphs is striking; the more so since the entire setup in New Haven
was different from that in Lyme. Not only were the trees different
but the microvoltmeter and the photoelectric recorder were different.
The type of electrode employed was fundamentally the same but
had certain technical modifications. Attention is called to this
because it indicates quite dearly that the over-all results were not
due to instrumental or technical artifacts. The records show a very
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FIG. 2. A graph of hourly potential differences during three days of the month
of November, 1943.
characteristic diurnal rhythm to be found, however, only in selected
cases, since other factors frequently obscured the pattern. In the
early morning from two to four hours before sunrise, the potential
difference was at a maximum. Fromthattime the potential dropped
without interruption until the afternoon. In the August records
the hour of the lowest point reached varied rather widely from
noon until eight in the evening. In the November records the low
point for three successive days was at 4 o'clock in the afternoon.
This is an hour and twenty minutes before sunset. During August
(19, 20, and 21) the sun set at approximately 7:35. It is clear
that in the November records there might be some relationship
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between the time of sunset and the low point in the potential. This
is not borne out in the August records which show that shortly after
sunset the potential was rising, having reached the low point at some
variable hour just preceding. Diurnal rhythms in plants are quite
well known and have been extensively studied. The electrical
records show nothing unusual except that the same kind of rhythm
can be determined by electrical methods as is found by other cobser-
vational technics. In two of the August days the peak of maximum
potential difference occurred at 4 o'dock in the morning. The sun-
rise on these two days was at 5:55 and 5:56 respectively. In other
words, the peak was approximately two hours before sunrise. In
two of the November records (19 and 20) the peaks occurred
around 6 o'dock in the moring, on which days the sun rose at 7:39
and 7:40, a little more than an hour and a half after the peak.
Without going into the causes of this rhythm, it looks as though
the tree were storing electrical energy, beginning with sunset, with
the maximum amount stored appearing in the early morning. These
results suggest that electrical recording of biological activity is an
advantageous technic, since it involves no disturbance of normal
processes.
During the day the normal physiological activity of the tree-
photosynthesis, transpiration, etc.-steadily withdraws energy from
this reservoir until late in the afternoon when the reservoir is empty.
It should be pointed out, of course, that the size and magnitude of
the potential difference is in part determined by the geometry of
the electrode placement and that the records here given apply only
to the given situation.
Further study of the continuous recordings displayed another
astonishing fact shown in Figure 3. This is a graph of the average
potential difference between the two electrodes for each 24-hour
period from July Ist to September 30th. It will be noted at once
that there is a curious rhythm, inasmuch as there occurs approxi-
mately every thirty days a tremendous and very sharp rise in the
potential difference.
Ten days later a second rise occurs of the same order of magni-
tude. In between these peaks of potential difference there are short
periods during which the potential difference is very low. Plotting
the results in terms of daily averages obscures the fact that during
the maximum potential difference there is an extraordinary and
pronounced change in the character of the recorded potential differ-
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ence. Between the peaks of potential difference the recorded stand-
ing potential is either very constant or very slowly changing, giving
rise in most instances to an almost straight line. When, however,
the potential rises to the maximum the steady state character of the
potential disappears and is replaced by slow oscillations of potential,
rising and falling, 30 or 40 millivolts, every minute or two. These
bursts of activity persist for approximately an hour and then dis-
appear, not to reappear until another sharp rise is developing days
later.
FIG. 3. A graph of the daily potential differences during July, August, and
September, 1943, including phases of the moon.
When the temperature, humidity, barometer, and weather are
plotted against these changing potential differences, it becomes clear
at once that none of these environmental phenomena are related in
any significant way to the electrical manifestations. Since this is
a pilot experiment, continuous records of environmental change were
not taken. Reliance was placed on spot determinations. It may
well be that a more critical examination of the factors involved might
yield significant relationships. It is clear, however, from the data
collected that ordinary environmental forces have little or no impact
upon the electrical activity of the tree, except the possible correlation
between diurnal rhythms and sunlight.
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The periodicity of the peaks of the potential difference described
above is an astonishing finding. From a number of previous studies,
it is known that sharp increases in potential difference often accom-
pany increased growth rates. While the tree was probably growing
during the summer months, it certainly would be an unexpected
phenomenon if the growth turned out to be intermittent. However,
there is ample evidence also to show that marked changes in poten-
tial differences accompany normal biological activity. So far as is
known, activity in a growing tree is not of this intermittent variety.
In any event, whatever these electrical manifestations are the sign
of, the significant finding is the wide range in potential differences
and their periodic occurrence. To be sure, in the second peak of
July the voltage gradient is not high. However, at this time many
experiments were being performed in order to rule out artifacts and
to establish the validity of the first peak and it is quite possible that
the maximum was missed.
The phases of the moon were included in the graph in Figure 3
for two reasons. In the first place, it is an old wives' tale that the
phases of the moon have profound effect on living organisms. This
belief, of course, suffers from lack of scientific validation in most
instances; nevertheless, it is widely current. If lunar activity does
affect living systems in significant ways, it should be possible to find
an electrical correlate. In the second place, there are a few well-
authenticated examples of the correlation between lunar activity and
living things. The most striking of these is the marine worm,
Palolo, which is known to spawn only during the third phase of the
moon in October and November in the South Pacific. It is true,
of course, that even if a correlation between phases of the moon and
biological systems were found, it is more probable that there are
inherent protoplasmic rhythms which have the same periodicity as
the lunar cycle, rather than a direct cause and effect. It cannot be
denied, however, that both lunar cycles and these periodicities in
living things may bethe consequence of some still more fundamental
cosmic factor acting upon both responding systems. It is clear that
when the potential differences in the maple tree are plotted against
the lunar phases that the correlations are not exact. The first peak
occurs at or shortly after the first phase of the new moon. Ten or
more days later the second peak occurs in the immediate vicinity
of the full moon. On the basis of the evidence so far collected, one
could predict by means of electrical measurements the changing
lunar phases within forty-eight hours.
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The findings here offered in a preliminary report present fairly
adequate evidence of the existence of an electrical correlate of a
diurnal rhythm in a growing tree. Furthermore, there seems to
be no significant relationship between meteorological data and the
electrical changes. There is, however, strong evidence for the
existence of periodicity of some as yet unexplained character. The
peaks of electrical activity seem to be more dosely associated with
the phases of the moon than with any other discernible factor. It
is possible, of course, that cosmic rays, radio storms, and many other
unknown factors may be implicated. Further study of this will be
necessary, but it seems evident that some environmental factor other
than meteorological changes or that some inherent protoplasmic
property of the system must be considered. In other words, these
studies in their present preliminary state offer another evidence of
order in the Universe upon which a relatively simple living system
is in some degree dependent. In any event, the experiment is being
continued and at the end of one full yearly cyde the complete data
will be analyzed and reported.